INTRODUCTION 37
Maintaining deep and high quality agricultural soils is critical to sustaining future dryland 38 crop production in the Palouse agricultural region of the inland Pacific Northwest, USA. Deep 39 soils are critical to a soil water bank sustaining crops throughout the growing season, typically across the region and within-fields. Loessial surface soils were unevenly deposited and formed quadrats. Plants were cut by hand 2 cm from the soil surface using a scythe. Samples were dried 165 for 48 hours in a glass house that reached approximately 50°C during the day, and then weighed. 166 Samples were then threshed to determine grain yield and harvest index was calculated by 167 dividing grain yield by the aboveground biomass yield (Passioura, 1997) . Grain protein and 168 water concentration was measured using an NIR analyzer on whole grain samples (Model 169 #DA7250, Perten Instruments, Hägersten, Sweden). Grain protein concentration was adjusted to 170 a standard 12% grain moisture.
171

Statistical Analyses
172
The metrics used to assess whether soil bulk density affected the root system were i) analysis of 173 the relationship between soil bulk density and root density at discreet depths in the profile; and 174 ii) analysis of the effect of soil bulk density on rooting depth and assessment the within-field 175 spatial variability of rooting depth. The response of root density to soil bulk density, profile 176 depth segments, soil water content, and study site was fitted to a multiple linear regression with 177 least square estimation using stats package in R (R Core Team, 2017) (Eq. 1). Profile depth of 178 segments was included in Eq. 1 because the root architecture of field-grown wheat plants 179 includes many roots with shallow root angles and few roots with steep root angles thus causing 180 root density to change with profile depth segments (Passioura, 1983) . Soil water content was 181 included in Eq. 1 to account for its effect on soil impedance to root growth (Vaz et al., 2011) . (Table 2 ). The likelihood of root restriction also differed between the two sites. Root restriction 275 was 53% more likely at the Whitman site than at the Latah site.
276
Previous studies have established that soils with excessive impedance can limit root (2010) found that more than 80% of roots in a densely structured 288 subsoil (> 0.9 m) were confined to macropores, and that very few roots penetrated the bulk soil 289 at these depths. 
